Objective: To summarize the experience in the peri-operative treatment of giant nodular goiter. Methods: A total of 123 patients with giant nodular goiter sized 6~20 cm were admitted into our hospital from 1990 to 2011 and the clinical data were retrospectively analyzed. These patients underwent total or subtotal thyroidectomy. Results: All patients underwent surgical intervention. Unilateral subtotal thyroidectomy was performed in 40 patients, unilateral total thyroidectomy in 1 patient, bilateral subtotal thyroidectomy in 79 patients, and unilateral total thyroidectomy, removal of entire isthmus and contralateral subtotal thyroidectomy in 3 patients. Nodular goiter was pathologically proven post-operatively. No short-term complications such as dyspnea or thyroid storm were found postoperatively. Post-operative follow up was done for 9 months to 6 years and no recurrence was observed. Conclusion: Comprehensive pre-operative preparation, pre-operative evaluation, complete exposure of the operative field, meticulous operation, effective control and prevention of hemorrhage and prevention against damage to superior and recurrent laryngeal nerves are crucial for the successful surgical intervention of giant nodular goiter.
Introduction
Nodular goiter is the most common benign disease of the thyroid and can be found in any age group. The incidence of nodular goiter was 5.0~10.0% and it was 4 times higher in females than that in males. The incidence of nodular goiter is at a higher level, and related studies reveal the thyroid nodules are found in 4.0~8.0% of adults at palpation and the incidence of thyroid nodular disease is 30~50% in general population at ultrasonography [1] [2] [3] [4] . At the early stage of nodular goiter, the nodule is small and the compression symptoms are not evident. Thus, it is difficult to diagnose, and confirmed diagnosis is usually delayed. When the nodules are large enough or the compression symptoms become obvious, giant nodular goiter is life-threatening. To date, the general guideline for the diagnosis and treatment of nodular goiter has not developed internationally [5] . The therapeutic strategies for nodular goiter include thyroid hormone replacement therapy, radioactive Iodine I-131 therapy and surgical intervention. The thyroid hormone replacement therapy is simple and easy to perform, but the therapeutic efficacy is not satisfactory [6] . Huys-
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International Publisher mans et al performed radioactive Iodine I-131 therapy in patients with nodular goiter achieving favorable therapeutic effectiveness [7] . However, some physicians postulate that radioactive Iodine I-131 therapy might have the risk for permanent thyroid dysfunction or recurrence of nodular goiter. Thus, the majority of patients with nodular goiter received surgical intervention in clinical practice [8] [9] . However, when the nodules are giant, improper peri-operative treatment might cause some complications such as thyroid storm, laryngeal edema, massive hemorrhage and damage to the nerves, trachea, esophagus and parathyroid. In addition, long-lasting compression of the trachea and esophagus may cause tracheomalacia, which may cause post-operative airway collapse. Moreover, substernal goiter is still a challenge for surgeons in the Department of Thyroid Surgery. In the present study, we retrospectively reviewed 123 patients with giant nodular goiter (6~20 cm) who were admitted into our hospital from 1990 to 2011. The general information and findings in imaging examination were reviewed and the experience of peri-operative treatment of these patients was summarized.
Materials and methods

General information
A total of 123 patients were admitted into the Department of General Surgery from 1990 to 2011 and the nodule size ranges from 6 cm to 20 cm. There were 53 males and 70 females with the male to female ratio of 1:1.32. The mean age was 46.5±29.5. Unilateral goiter was found in 42 patients and bilateral goiters in 81 patients. In addition, concomitant hyperthyroidism was noted in 15 patients and thyroid cancer in 3 (Figure 1) .
Clinical manifestations
Patients were admitted due to cervical mass. Ultrasonography showed thyroid nodules measured 6~20 cm. In several patients, the upper thyroid reached the mandibular angle, the lower part extended to the retrosternal region and the side thyroid was found at the back edge of sternocleidomastoid. Of these patients, 46 had dysphagia or neck discomfort, 25 developed tracheal compression symptoms (cough, dyspnea or hypoxemia).
Laboratory and electrocardiographic examination
FT3, FT4 and TSH were measured in all patients. Results showed increase TSH in 30 patients and increased FT3 and FT4 in 15 patients. The remaining patients had normal FT3, FT4 and TSH, and routine blood test showed normal. Electrocardiography showed occasional premature ventricular contraction in 2 patients, occasional premature atrial contraction in 4 and myocardial ischemia in 5 patients.
Imaging examination
Ultrasonography and CT were employed to detect the location, size, number, border and density of nodules, and determine the tracheal compression, dislocation or stenosis. In the present study, results showed the enlargement of the thyroid which had nodules with various densities. Single nodule was found in 27 patients and multiple nodules accompanied by calcification in 5 patients. The nodules of 6~10 cm in size were found in 96 patients and those of >10 cm in 27. In addition, the nodules had clear border in 77 patients and unclear border in 34. Complete capsule of the thyroid was found in 12 patients. Annular calcification was noted in 15 patients and punctate calcification in 12 patients (Figure 2 ). Plain CT scan showed the lesion was focal and enhancement CT scan revealed enhancement of different extents. There were 46 patients with esophageal compression and 25 had tracheal compression ( Figure  3 ). Cervical X ray can reveal the tracheal compression, dislocation or stenosis. Positive lateral X ray can reveal the degree of tracheal compression. The difference in tracheal diameter between inspiration and expiration of >5 mm can be used to diagnose tracheomalacia. Retrosternal giant goiter was manifested by mass with different densities in the mediastinal region, and enhancement CT showed uneven enhancement accompanied by compression of adjacent organs ( Figure 4 ).
Laryngoscopy
Laryngoscopy showed the location and movement of bilateral vocal cords. There were no significant abnormalities in the location and movement of the vocal cords in the 123 patients.
Fine needle aspiration cytology
For patients with clearly located nodules, fine needle aspiration was done. Cytological examination showed papillary thyroid carcinoma in 2 patients and the remaining patients were diagnosed with nodular goiter. Intra-operative pathology revealed papillary thyroid carcinoma in 3 patients and the remaining 120 patients had benign lesions. Post-operative pathology indicated nodular goiter in 120 patients and papillary thyroid carcinoma in 3 patients.
Surgical procedures
After comprehensive pre-operative preparation, surgery was performed. The skin and subcutaneous tissues were separated and electrocoagulation was employed for hemostasis. An incision was made between the platysma and deep cervical fascia and the thyroid capsule was dissected at the neck white line. The muscles before the thyroid received blunt dissection and the thyroid was completely exposed. If the bilateral lobes of the thyroid were not entirely exposed, partial or complete disconnection was performed at the muscles before the thyroid and sternocleidomastoid. The thyroid was explored, and total or subtotal thyroidectomy was performed depending on the nature (benign or malignant), number, distribution and pathology of the nodules. During surgery, bleeding was stopped with ultrasound knife and silk suture. In subtotal thyroidectomy, a little of normal dorsal thyroid tissues (around 5% of the whole gland in volume) was preserved.
Results
Intra-operative findings
All patients underwent surgical intervention. Unilateral subtotal thyroidectomy was done in 40 patients, unilateral total thyroidectomy in 1 and bilateral subtotal thyroidectomy in 79 patients (Table 1) . For 3 patients with papillary thyroid carcinoma, the affected thyroid and thyroid isthmus were completely removed and contralateral subtotal thyroidectomy and cervical lymph node dissection were also done ( Figure 5 ). In 1 patient with goiter at the posterior mediastinum, an incision was made at the neck and chest and total thyroidectomy was performed in the affected thyroid ( Figure 6 ).
Post-operative pathological examination
Post-operative pathology revealed nodular goiter in 120 patients and 3 patients had concomitant papillary thyroid carcinoma ( Figure 7) . 
Figure 7
Histological examination of nodular goiter (HE staining; ×400). The follicular epithelial cells were flat and had small and oval nucleus. The cytoplasm was lightly stained and the follicular cavity was filled with colloid. In several follicule, increased blood vessels were noted accompanied by interlobular fibrous tissue hyperplasia.
Post-operative follow up
All these patients had no short term severe complications such as dyspnea or thyroid storm and other compilations are shown in Table 2 . Hemorrhage was found in 3 patients who recovered after second surgery to treat bleeding points, and hoarseness occurred in 4 patients of whom 3 recovered within 1 week and 1 within 3 months. Five patients had transient hypocalcemia and recovered within 1 month after calcium supplement. Intra-operative tracheotomy was done in 2 patients due to tracheomalacia and extubation was done within 20 days after surgery but infection, subcutaneous emphysema, tracheal stenosis and dyspnea were not found in these 2 patients. Post-operative follow up was done for 9 months to 6 years and recurrence was not observed. Thyroxine or euthyrox (levothyroxine sodium) was administered in these patients for 3~6 months aiming to maintain the upper limit of normal of T3 and T4. Hypersensitive hTSH was maintained at 0.1-0.5 uIU/ml to prevent or reduce recurrence. 
Discussion
Indications for surgery
Nodular goiter is usually multinodular lesion and surgical intervention is the major strategy for its treatment. The indications for nodular goiter include 1) bilateral nodular goiter compresses the transchea and dyspnea is present in the supine position; 2) multinodular goiter is accompanied by hyperthyroidism which is non-responsive to pharmacotherapy; 3) The nodules grow rapidly and have the risk for cancera-tion; 4) The nodular goiter is giant and affect the beauty. The nodular goiter is usually accompanied by thyroid carcinoma which is difficult to determine before surgery. Thus, for patients with evident nodules in the thyroid, surgical intervention may be considered to exclude the possibility of thyroid carcinoma.
Surgical procedures and recurrence
Studies revealed the recurrence rate of nodular goiter was 10~50% after surgery in other countries and 11.3% in China [10] [11] [12] . The nodular goiter has high incidence of recurrence and has the risk for canceration. For patients with recurrence, a second surgery may cause some complications such as damage to the parathyroid gland and recurrent laryngeal nerve. There is evidence showing that the incidence of complications was about 8% after surgery due to recurrence of nodular goiter. Among these complications, the incidence of damage to the recurrent laryngeal nerve was 0~14.0% and that of hypocalcemia was 1.2~10.6% [13] [14] . Thus, early surgical intervention is recommended and total or subtotal thyroidectomy is preferred [15] . Currently, there is still controversy in the selection of surgical methods. The total and subtotal thyroidectomy is the major method and subtotal thyroidectomy has been a standard method in the treatment of nodular goiter [16] . Studies also demonstrated that total or subtotal thyroidectomy and neartotal thyroidectomy had no difference in the post-operative complications, and both surgical interventions were comparable in the subsequent treatment [17] . In addition, there is evidence showing that the age of <40 years and multiple nodules are the risk factors of recurrence after subtotal thyroidectomy, and thus total thyroidectomy is recommended for patients with bilateral multinodular goiter aiming to prevent a second surgery due to recurrence [14] . For patients with goiter in the posterior mediastinum, an incision is usually made in the neck and chest followed by total thyroidectomy [18] .
Pre-operative and intra-operative cautions
Pre-operative preparation: The goiter is giant and rich in blood supply, the blood vessels and nerves are compress to dislocate and the mass has poor movement, which adds difficulty to the surgery. Thus, comprehensive pre-operative preparation is essential and includes: 1) red blood cell suspension (400~1200 ml) should be prepared on the basis of tumor size; 2) Routine detections of heart function, lung function, kidney function and coagulation. Once abnormality is present, corresponding treatment should be performed to return them to a nearly normal level; 3) Neck X ray and CT are recommended to identify the compression of trachea and esophagus; 4) laryngoscopy is recommded to determine the location and movement of vocal cords; 5) For patients with hyperthyroidism, routine pre-operative preparation is essential (such as administration of methimazole, iodine and propranolol), the heart rate should be maintained at <90 beats/min and BMR at <20~30%. Once the primary cardiovascular diseases and respiratory diseases are excluded on the basis of medical history and related examinations, the increase in respiration and heart rate should be considered as a result of hyperthyroidism. Pre-operative administration of iodine preparations is pivotal. For patients with concomitant hyperthyroidism, surgery is not performed before the symptoms resolve or the thyroid storm might be present and is usually life-threatening.
Selection of anesthetic methods
General anesthesia following tracheal intubation and cervical plexus block can be used for thyroidectomy. When the mass is giant and cause tracheal stenosis or the patients present dyspnea before surgery, general anesthesia following tracheal intubation is recommended. In the present study, general anesthesia was done in 106 patients. When the tracheal cavity is normal and dyspnea is absent, cervical plexus block may be applied. In our study, cervical plexus block was done in 17 patients.
Patient's position and surgical incision
In the surgery, hyperextension of the neck is required (the shoulder is elevated to assure the head hypsokinesis) to completely expose the surgery field. The surgical incision is selected in the principle of complete exposure of thyroid. A curved incision (collar-shaped incision) is usually used and the both ends of the incision are slightly elevated. For patients with the lower part of the thyroid extending to the retrosternal region, the incision is slightly lower. For patients with giant goiter, an "L"-shaped incision is recommended.
Protection of cervical major vessels
During the surgery, the location of the common carotid artery should be kept in mind aiming to determine the location of internal jugular vein, which aimed to avoid the damage to the internal jugular vein. Before separation and dissection of the affected thyroid, the major vessels should be pushed away and blind clamping for hemostasis should be avoided.
Management of vessels in the thyroid
The giant goiter is rich in blood vessels the location of which is usually altered under this condition.
On the thyroid, the veins and arteries are giant and have some branches. The thyroid usually connects to the major vessels in the neck. Improper management has the risk for massive hemorrhage. The upper part of the thyroid is rich in blood vessels which are often ligated with 7-0 suture. These blood vessels were clamped at 2 mm away the upper and lower parts of the thyroid followed by disconnection of blood vessels which are then ligated independently for prevention against massive hemorrhage. When there is no space between the upper part of the thyroid and the mandibular angle, management of the lower part and the isthmus of the thyroid is preferred and then the side of the thyroid is managed. For the inferior thyroid artery, the liagtion of its branches should be done on the thyroid and the major artery should not be ligated, which not only assures the hemostasis, but has no risk for damage to the parathyroid and recurrent laryngeal nerve. Then, the thyroid is retracted downward aiming to increase the space between the upper part of the thyroid and the mandibular angle. Then, the superior thyroid artery is ligated twice. In modern medicine, more and more surgeons advocate ultrasound knife or bipolar fusion to stop bleeding for the advantages such as excellent effects and time-saving. The head of ultrasound knife is coarse and large and, therefore, more suitable for thyroid lobectomy or coarse vessel cutting. The ultrasound knife is associated with a higher risk of nerve injuries in cutting blood vessels in the superior and inferior thyroid than the conventional silk suture ligation. Bipolar electrode is thin and produces little heat and, therefore, can be used to stop bleeding of tiny vessels and around nerves. Proper combination of ultrasound knife, bipolar fusion and conventional silk sutures can produce better hemostatic effects.
In the present study, the giant goiter was found to be adherent to the surrounding tissues in 9 patients. The improper retraction or blunt separation led to excessive bleeding. After compression for hemostasis and blood transfusion, the experienced surgeons were employed and subtotal thyroidectomy was done. Hemostasis was achieved. In 3 patients, post-operative hemorrhage was present. The wound was then exposed and the bleeding site was identified followed by hemostasis. Thus, severe complication was not found.
Protection of recurrent laryngeal nerve
In the surgery for giant goiter, hoarseness is easily induced due to the limited operation space and large anatomical variation of recurrent laryngeal nerve. In this study, 4 patients developed hoarseness post surgery. Of the 4 patients, 3 recovered within 1 week and 1 recovered within 3 months. For the latter patient, the recurrent laryngeal nerve and the tumor were adhered and the recurrent laryngeal nerve was injured in separating the 2 organs. Transient hoarseness has a favorable prognosis. It generally occurs within 1 to 3 days post surgery and disappears in 1 week post surgery. This nerve is injured possibly by: 1) nerve edema from over stretching during surgery; 2) tissue edema post surgery or compression by secondary small hematoma; and 3) compression by constriction of fibrous scar. Some scholars deem that exposing the recurrent laryngeal nerve is the effective measure to prevent injury of this nerve in subtotal thyroidectomy. The author considers that this nerve is easily injured in benign giant goiter and should be routinely exposed in second surgery. Additionally, in developed countries, intraoperative nerve monitoring has been applied for more than 10 years in clinical practice and gradually develops into a comprehensive multidisciplinary monitoring system. The intraoperative monitoring technique is an important component in the field of modern surgery. It uses the combination of electromyogram and tracheal cannula to monitor motor nerves during surgery. In this technique, surface electromyogram electrodes and the endotracheal tube are placed in the medial vocal cord. This procedure is more reasonable and safer and greatly reduces medical disputes. Therefore, the American Association of Endocrine Surgeons (AAES) generalizes the recurrent laryngeal nerve monitor during surgery as the guide.
Protection of parathyroid
For patients with giant goiter, hypoparathyroidism is common after surgery, which is usually attributed to the mis-dissection or damage to the parathyroid or the impairment of blood supply [19] . The parathyroid locates at the back of thyroid. The upper parathyroid has fixed location and is often identified at the back of upper thyroid and close to the larynx cartilage. The location of lower parathyroid is not fixed and various and usually found at the back of lower thyroid. The protection of parathyroid is required the preservation of the capsule at the back of thyroid. Thus, the inferior thyroid artery is not ligated aiming to preserve the capsule at the back. The loose tissues at the lower part of thyroid should be preserved. The dissected samples should be double-checked. Once the parathyroid is found, the parathyroid at 1 mm×1 mm should be collected and implanted in the sternocleidomastoid [20] [21] .
Management of concomitant thyroid cancer
The giant goiter has the risk for canceration.
When the thyroid is adherent to the muscle or surrounding major blood vessels, frozen pathology is required. Once the lesions invade the carotid artery/vein and trachea, palliative resection is required, which may extend the survival time for 3~4 years. Radical thyroidectomy may extend the survival time for 10~15 years. Thus, if possible, radical thyroidectomy should be performed. In the present study, 3 patients with concomitant papillary thyroid carcinoma, the total thyroidectomy of affected side, total dissection of isthmus and subtotal thyroidectomy of contralateral thyroid were performed accompanied by lymph node dissection.
Management of retrosternal goiter
The retrosternal goiter refers to the goiter the lower part of which can not be palpated or the goiter extending to 3 cm downward the sternum vein notch. The principles for the treatment of retrosternal goiter are as follows: 1) The lower part of the thyroid is retracted out of the retrosternal region with a suture accompanied by blunt separation; 2) Once the thyroid can not be taken out, forced separation is forbidden or the pleura may be damaged resulting in pneumothorax, or the innominate vein and inferior thyroid vein may be damage resulting in massive hemorrhage. Under this condition, the upper part of the thyroid can be dissected first to expand the surgical field and then the lower part of the thyroid is retracted upward accompanied by blunt separation. In addition, when the residual thyroid is adherent to the innominate vein, the lower part of the thyroid can not be exposed and the blood vessels at the lower part are unlikely to be ligated, the sternum should be separated to expose the lower part of the thyroid aiming to avoid the damage to the innominate vein [22] [23] [24] [25] .
